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We exploit the recent proposals for the light-induced superconductivity mediated by a Bose-Einstein condensate
of exciton-polaritons to design a superconducting fiber that would enable long-distance transport of a supercur-
rent at elevated temperatures. The proposed fiber consists of a conventional core made of a silica glass with the
first cladding layer formed by a material sustaining dipole-polarised excitons with a binding energy exceeding
25 meV. To be specific, we consider a perovskite cladding layer of 20 nm width. The second cladding layer
is made of a conventional superconductor such as aluminium. The fiber is covered by a conventional coating
buffer and by a plastic outer jacket. We argue that the critical temperature for a superconducting phase transition
in the second cladding layer may be strongly enhanced due to the coupling of the superconductor to a bosonic
condensate of exciton-polaritons optically induced by the evanescent part of the guiding mode confined in the
core. The guided light mode would penetrate to the first cladding layer and provide the strong exciton-photon
coupling regime. We run simulations that confirm the validity of the proposed concept. The fabrication of super-
conducting fibers where a high-temperature superconductivity could be controlled by light would enable passing
superconducting currents over extremely long distances.
The theoretical concept of conventional superconductiv-
ity introduced by Bardeen, Cooper and Schrieffer (BCS)1
relies on the pairing of electrons in a Fermi sea due to
the exchange by quanta of crystal lattice vibration: acous-
tic phonons. Since 1970s, multiple attempts were made
to replace phonons by a more efficient binding agent that
would strengthen electron-electron attraction and enable
superconductivity at higher temperatures. Excitons have
been put forward by Allender, Bray and Bardeen2 and
Ginzburg3 as promising candidates for playing the role of
such a binding agent in hybrid metal-semiconductor struc-
tures. However, despite of significant efforts to fabricate
structures where the exciton-mediated superconductivity
would be observable, no experimental evidence for this
mechanism was reported till now, to the best of our knowl-
edge. The interest to exciton-mediated superconductivity
was renewed after the discovery of the Bose-Einstein con-
densation of light-matter bosonic quasiparticles, exciton-
polaritons, in semiconductor microcavities, initially at the
liquid Helium temperature4 and then at the room tem-
perature5. Exciton-polaritons formed by strongly coupled
elementary crystal excitations (excitons) and cavity pho-
tons6 accumulate by tens thousands in a single quantum
state thus giving rise to the polariton-lasing5. In a se-
ries of theoretical works,7–10 it was shown that the con-
densates of exciton polaritons may interact with free elec-
trons much stronger than individual virtual excitons con-
sidered in the early works2,3. This paves the way to the re-
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alisation of exciton-mediated superconductivity in hybrid
multilayer structures where a free electron gas would be
placed in the vicinity of a bosonic condensate of exciton-
polaritons. The observation of Bose-Einstein condensation
of exciton-polaritons at the room temperature5,6 encour-
aged efforts for the observation of superconductivitymedi-
ated by exciton-polaritons at elevated temperatures. It has
been argued8 that a stationary dipole polarisation of exci-
tons in the condensatesmight help maximising the strength
of exciton-electron coupling, which is why strongly cou-
pled structures containing spatially indirect excitons might
be suitable for the realisation of exciton-mediated super-
conductivity. A variety of materials potentially promising
from this point of view has been considered, including the
two-dimensional monolayers of transition metal dichalco-
genides10,11 and perovskite nanoplatlets12. In Ref. 13 it
has been argued that the interplay between conventional
BCS superconductivity and the exciton-mediated super-
conductivitymay result in the resonant enhancement of the
critical temperature for the superconducting phase transi-
tion Tc, thus, potentially, paving the way to room temper-
ature superconductivity that would be fully controlled by
light that is used to pump exciton-polariton condensates.
The recent experimental studies14,15 revealed features of
the light-induced superconductivity. It was argued that the
phase transition has been triggered by an optically pumped
vibron mode that represents a similar mechanism to the
exciton-induced superconductivity. Still, no stationary in-
crease of Tc mediated by laser illumination has been re-
ported so far, to our knowledge.
In this Letter, we propose a design of the structure that
would enable light-mediated superconductivity triggered
2by a bosonic condensate of exciton-polaritons in a con-
ventional optical fiber16 containing two cladding layers:
one made of a material sustaining dipole-polarised exci-
tons that are able to strongly couple to the guided optical
mode, and the second one made of a conventional super-
conductor (see the schematic in Fig. 1). To be specific, we
consider a first cladding layer made of a perovskite ma-
terial where polariton lasing was recently demonstrated in
micro- and nanowires17,18, and a conventional supercon-
ductor aluminium.19 We note that the exciton binding en-
ergy in the considered perovskite material exceeds 25 meV
which makes it suitable for the room temperature oper-
ation. The critical temperature for the superconducting
phase transition in aluminium is about 2 K in the dark,
but it may be strongly enhanced by the coupling to the po-
lariton condensate. From the theoretical point of view, the
novelty of the considered design is in the replacement of a
stationary polariton condensate considered in the previous
studies7–10 with a moving condensate that may be treated
as a coherent quantum liquid20. From the practical point
of view, the realisation of optical fibers with superconduct-
ing cladding layers would pave the way to the long-range
transport of supercurrents. The coupling of a superconduc-
tor with a condensate of exciton-polaritons that is pumped
by a laser light passing through the core would constitute
a tool for the enhancement of Tc as well as the switching
mechanism that enables the optical control of supercon-
ductivity. It is important to note that while the absorption
of light in a superconducting cladder is inevitable, in prin-
ciple, it can be minimized by proper designing the fiber
and compensated due to the pumping of polaritons through
one of the higher frequency guided light modes of the fiber.
Below we present estimations of the characteristics of the
superconducting hybrid fiber and provide specific recom-
mendations for its design.
The proposed hybrid optical fiber is schematically
shown in Fig. 1. The cylindrical core is assumed being
made of a conventional silica glass. For further estima-
tions, we take the refractive index of the core as nC = 1.45.
The first cladding layer intended to be a holder of ex-
citons is a perovskite layer. Among a variety of per-
ovskites, we give a preference to methylammonium lead
tribromide MAPbBr3 (MA = CH3NH3). The strong cou-
pling of excitons with light in the waveguide geometry has
been recently reported for the structures where MAPbBr3
was used as a core nanowire17,18. The peculiar optical
and dielectric properties of MAPbBr3 in the spectral range
from visible to near-ultraviolet have been extensively stud-
ied both experimentally and theoretically for last several
years18,21,22 in the context of developing solar cell circuits
and photonic devices. In the photon energy range fol-
lowing immediately above the band gap starting around
2.24 eV and extending to about 4.5 eV, the MAPbBr3 film
is characterized by three absorption peaks at energies of
about 2.3, 3.5 and 4.5 eV.21,23 Authors of Ref. 21 show that
this peculiarity of the observed spectrum can be described
by a dielectric function characterized by four resonances
within the indicated energy region. The lowest energy res-
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FIG. 1. The schematic of a proposed design. The bosonic con-
densate of dipole polarised exciton-polaritons is formed by the
optical pumping through the guided optical modes of the fiber.
The strong exciton-photon coupling regime is achieved due to the
overlap of the photon mode localised in the core with the exciton
state located in the first cladding layer (perovskite). The prox-
imity of the perovskite layer to the second cladding layer (super-
conductor) ensures the efficient coupling of the dipole-polarised
condensate of polaritons with the electron Fermi sea in the su-
perconductor. This coupling leads to a significant increase of
the critical temperature of the superconducting phase transition.
The core and cladding layers are protected by plastic buffer and
jacket. The red arrows indicate the decomposition of a guided
mode wave vector on the transversal component kρ and the prop-
agation constant β along the main axis of the fiber.
onance situated near the band gap (at about 2.3 eV) is split
from the next one (situated at about 3.5 eV) by more than
1 eV, which significantly exceeds the characteristic inter-
action energies in our system. This allows one to use the
coupled oscillator model of the perovskite dielectric func-
tion in the simulations:17
εP(ω) = εb
(
1+
ω2l −ω
2
t
ω2t −ω
2
− iωΓ
)
, (1)
where εb is the background dielectric constant, ωl,t are the
longitudinal and transverse exciton frequencies, Γ is the
non-radiative exciton damping. Values of the parameters
for the best fit of εP(ω) are following:
17 εb = 4.7, h¯ωl =
2.328 eV, h¯ωt = 2.303 eV and h¯Γ = 59 meV. We take the
thickness of the MAPbBr3 cladding layer as 20 nm.
When choosing the second (superconducting) cladding
layer, we follow the original paper on the polariton-
mediated superconductivity13 and consider for this role a
thin film of aluminium.19 Aluminium possesses an advan-
tage of high reflectivity properties, which contributes to
reducing losses of the optical modes and strong coupling
of the latter to excitons in the perovskite cladding layer. In
the simulations, we consider an aluminium film of thick-
ness of 30 nm with the spectral dependences of the refrac-
tive index and the extinction coefficient taken from Ref. 24
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FIG. 2. The variation of the energy of exciton-polariton modes
in the hybrid optical fiber with the increase of the propagation
constant β . The pale color shadows framing the curves indicate
the decay rates of the modes. The inclined dashed line shows the
energy of the guided mode without the exciton resonance. The
horizontal dashed line indicates the perovskite exciton energy.
The core diameter is taken as dC = 0.8µm.
The cladding layers can be separated from one another by
a spacer of widths of the order of 1 nm with a refractive
index matching that of the core.
To reach the effective coupling of the perovskite exciton
with a light mode in the waveguide, we should bring one
of the optical guided modes into the resonance with the ex-
citon energy. This imposes restrictions on the wave num-
ber β characterizing the propagation of the guided mode
along the main axis of the waveguide, see Fig. 1. For the
bare waveguide representing a glass core in air, the con-
dition for β in general form is given by k0 < β < nCk0
with k0 = ω0/c and ω0 being the wave number and the
frequency of light in air. A guided mode characterized
by a frequency of ω = ωl should possess the wave num-
ber β belonging to the range of (11.7µm−1,16.9µm−1).
Our simulations show that additional cladding layers ex-
tend this range by at least 3.3µm−1.
For our hybrid optical fiber, we propose to take a glass
core of a reasonably small diameter being of the order of
the guided mode wavelength, dC & λ . In such a waveg-
uide, the higher energy guided modes are split from the
ground mode by hundreds of millielectron volts. It al-
lows one to neglect the effect of the higher modes on the
coupling of the fundamental mode to the perovskite exci-
tons. We note that higher energy guided modes are cru-
cial for the long distance transmission of polariton super-
fluids and light-induced superconducting currents. They
serve to feed the polariton condensate and compensate
for inevitable losses. The amplification of the polariton
mode may be done using the schemes used in optical fiber
amplifiers based e.g. on the electronic transitions in Er
atoms.25–27
To examine modes of the hybrid optical fiber, we use
the well-known transfer matrix method6,28,29, which is
based on matching the components of the electromagnetic
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FIG. 3. The dependence of the energy of exciton-polariton modes
in the hybrid optical fiber on its core diameter dC. The pale color
shadows framing the curves indicate the decay rates of the modes.
The dashed curve shows the energy of the guided mode in the
absence of the exciton resonance. The horizontal dashed line in-
dicates the perovskite exciton energy. The propagation constant
is taken as β = 18.4µm−1.
field at the interfaces of the homogeneous layers using
the Maxwell boundary conditions. For the details of the
method adapted for a cylindrical geometry, we refer to
Refs. 30–32.
The dependence of the energy of the fundamental mode
on the propagation constant β in the hybrid optical fiber
with the core diameter of 0.8µm is shown in Fig. 2. In
the vicinity of the exciton resonance at ω ≈ ωt and β ≈
18.4µm−1 a clear Rabi splitting by 2h¯ΩR ≈ 165 meV of
the dispersion curve ω(β ) into two branches is apparent,
which results from the anti-crossing of the exciton and the
guided optical mode dispersions. The dispersions of the
latter being linear in β are shown in Fig. 2 by the dashed
lines. The anti-crossing of the dispersions is the mani-
festation of the appearance of the coupled exciton-photon
states, exciton polaritons, which we consider for the role
of mediators of the superconductivity. An indispensable
condition for the appearance of polaritons is the strong
coupling condition, which implies that the characteristic
losses in the system should not exceed the splitting 2h¯ΩR.
The color shadows framing the dispersion curves in Fig. 2
show the broadening of the polariton modes. One can see
that the Rabi spitting 2h¯ΩR exceeds the losses with a large
margin.
Figure 3 shows the dependence of the exciton-polariton
energy on the diameter of the core dC for the polariton
modes characterized by the wave number β = 18.4µm−1.
The energy of polaritons of both branches increases with
the decreasing diameter dC. The predominance of the Rabi
splitting 2h¯ΩR over the characteristic losses on the entire
considered range of dC keeps the strong coupling condi-
tion fulfilled. By choosing the diameter of the glass core,
one can tune characteristics of the guided polariton mode
in the ω − β plane.
In summary, we have proposed the structure of a hy-
4brid optical fiber intended to provide an effective interac-
tion of a superconductor with exciton polaritons, guided
modes modified by coupling with excitons in a perovskite
cladding layer. We have demonstrated that the strong-
coupling regime for exciton polariton formation is realiz-
able in this geometry. Exciton polaritons will fulfil the role
of mediators of coupling of electrons in a superconductor
which is expected to facilitate elevating the critical temper-
ature of superconductivity.
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